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AL 5*7] a (Tomoceridae Schaffer, 1896)iz 437] Mel 27 o|pz X4 ex 
(Arthropleona)el] "is bu ME] Ab} ( (amio oic 174] xp] Xp Qa sp 
THE ope] eh up iix mepe) vbse]| a iz at ad M ali ai: OEEXGMRe] 
23.326 9A] M37] X Lë "Li 2224] (Rapoport. 1971), eho] usb oje] 7Lx] irapa] 
it [Aber gu spp Ciao ea gi (Denis. 1929: Gisin. 1944). 4. Folsom 
S SZ it gg sep 17] eb (Tomoccrinac)i dai (Folsom, 1913) gel 
Christiansen? X14 x7] xp Ue] 174 493 Fx el AA PogonognathcellusSt 
Tomocerus®| 27} ok&-& Ag (Christiansen, 1964). :ie]u Yosiiiz gau e] i-em 
aHa Séi Au daa o] spere] El 4% 4291004 (Yosii, 1967). Uchidai- 578 49. 


E AFE 19S WHY AA AtA EG ANY] (BSRI-95-1128) 4] Ho] e]a] ZA lei 
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;; uyg (Uchida, 1972). 22 X- Massoud} Ellis (1977)i: Tomocerus Ab Pogo- 
E nd 4A ehake pde] dän tal QS ëëiteigonmg Lee (1983537 


C-ristiansen9] 27] el, 27] 4931, Yosiiel 6/8 Zë 274 aal oeu duer: Sg 
xvm MA vis AA ëlo dia dies "p 4418] s ie uU. 
PAD) iine GHLAO n cep RO ARE b 2748 4 ZARA] Tomocerus 4 Yoe 


c 40° 57) ek (Tomocerus, Monolamellus, Plutomurus, PN MA Mono- 
dontocerus)o| Wald, e| Lë X- Adel AEBS Tomocerus} Monolamellus ok 
;s53 ui que £a aa elu 4e] oli ela An CHE oboe "Sr (Lee, 
1983), aay le] elz 9lxte] me] aao do us so uNg 77S «Wu. 
Tuer SC ^ SIMA T ago apu his NARE CT. (TS) kinoshitai)s 44 93i 
Sahe BAZ) CT. CT) UT oda Cit eb&e] Zait: 7} 
OT, (AL) laxalamella)s} QA dei Ae) fuse: HAA uude] gu) dg 
SE TE 2! D su. M oral Mat: AA) Ak Zh ds d Sa Cw: a 
LAS PAR ALE erak xag 7A BMAL «qpxeHzd Su. 


Gaich gal chest Ge] gd ASSAT. 
Lë 


moceridae (IA) 3) 
EEN Tomocerus (Tomocerus) cuspidatus Borner, 1909): Mt. Palkong- 
san, Paegwoon-mycon, Chinan-gun Chóllabuk-do. 


AAT (Tomocerus (Tomocerus) kinoshitai Yosii, 1954): Mc. Namao- 


san, Chinju-shi, Chdllabuk-do. 
DA AKT (Tomocerus (Monolamellus) laxalamella Lec. 1975): Mt. KÜónji- 
san, Chónju-shi. Caóllabuk-do: Mt. Namgosan, Chónju-shi. Chó:labux-co. 


95% SELL yyl zat Mare Andre Ie] xig] aal SZ Marc Andre II -g or 
PES igleluit viel (Massoud.1967) Sere oie yaala, Lee (1983)9] 
Decigbirit ahaks, zapalio] ua] 2678] elub dum Naage, o] outgroup 
Butts DATE o] Ser eni- xus] Iha] A149) Orchesellides 4% © 180 StS 
=, Uchida (1971) SS Wiley (1981)9] A Zell Ewen Sala eet opua use] A ett 
dee (Table 1) X 2 JAAG (Table 2). 7} € 4& Hecht} Edwards (echt, 
: Hecht and Ge 1976)7t dere Se ae} chev} die] SD SEE: (1) 
AA (2) 4e ual Sapo] aa ves (3) Baubetetal7} argo Waly 


(4) ASA Os BRP GAMA, GO eet Halse) BANAL, 


as 


o ausi Man 7b Uy eee] Sea geb] glee PAUP program ver. 2.4 
Swofford, 1983);:: o gete Palia asia. og: NTSYS program ver. 1.70 
Rohlf. 1992)2] neighbor-joining methodit aele] Sara" Aelii SASL cse 


Pansat peas 2i 
Grut otisrepelv. 
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Table 1. Transformation series of morphological characters. 


No. Characters 


body pattern 
body scale 


antenna segments 
antenna annulate 
UI AO 

at the tip of Ant. 4 


VD DD AJ a of WN rä 


10 antenna length 

11  innerteeth of unguis 

12  innerteeth of unguiculus 
13  outerteeth of unguiculus 
14 tenent hair (length) 


15 tenent hair (form) 


16  trochanteral organ 


Co 


head chaetotaxy (anterior part) 


head chaetotaxy (posterior part) 


TA PAD 


head chaetotaxy (posterior margin) 


17 spinose setae of tibiotarsus (L:. Lz) 


18 spinose setae of tibiotarsus UA 


19 Abd. Il: Abd. IV 

20 setae of retinaculum 

21 lateral setae of manubrium 
22 dens: mucro 


23 dental spines 


24 ` mucro (basal teeth) 
25 mucro (intermediate teeth) 


26 lamella of mucro 
O, plesiomorphy; 1-2, apomorphies. 
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= 10°C] AAS duele] uaa 


€ 21 S$] grinding buffer 
0.80.3 em & "H: ARE 
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Aare 
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te A elai 
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J ft 
(Watmann No. 3)e] @4]7] starch gelol 4g9u. 
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Character States 


absent (0), with usually striking pattern (1) 
absent (0), present (1) 

with many macrosetae (0). 2. 4 (1), 2, 2 (2) 
with many macrosetae (0). 2. 2 (1), 2. 0 (2) 
numerous setae (0), arranged sparsely (1) 

4 segments (0), 5 segments (1) 

not annulated (0). annulated (1) 

present, simple type (0), absent (1) 

w/o sensory papilla (0), with papillae (1) 


antenna < furcula (0), antenna’. furcula (1). 
antenna > furcula (2) 


multiple (0), one (1) 
absent (0), one (1) 
absent (0), one (1) 


« inner side of unguis (0), 
» inner side of unguis (1) 


usual (spatulate) (0). well developed (1) 


only in trochanter (0), 
in trochanter & femur (1/multisetae) (1). 
in trochanter & femur (1/1) (2) 


absent (0). present (1) 

one (0). two (1). multiple (2) 

subequal (0), Abd. I> Abd. IV (1) 

<< 10 setae (0). > 10 setae (1) 

10-10 or « (0). less than 8+8 (1) 

710 times (0), ^. 5 times (1). '. 3 times (2) 
absent (0). with small denticles (1), 
compound (2) 

absent (0), w/o toothlet (1). with toothlet (2) 
absent (0), 1-3 (1). 5 10 (2) 


absent (0). present, two (1). 
present, specialized (2) 


tope gb AAA epu gl Be] mE 


ei AA Helos 4 dene 
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Table 2. Morphological character matrix of four species of Orchesellides and Tomocerus. 


Tomocerus (T.) Tomocerus (T.) Tomocerus (M .) 


SE Orehgselliges cuspidatus kinoshitai laxalamella 
1 1 0 0 0 
2 0 1 1 1 
3 0 1 2 1 
4 0 1 2 1 
5 0 0 1 0 
6 1 0 0 0 
7 0 1 1 1 
8 0 1 1 1 
9 1 0 0 0 

10 1 2 0 1 

11 0 0 1 0 

12 0 0 0 1 

13 1 0 0 0 

14 1 0 1 1 

15 0 0 0 1 

16 0 1 2 2 

17 1 1 0 0 

18 2 2 1 0 

19 1 0 0 0 

20 0 1 0 0 

21 0 0 0 1 

22 0 1 2 2 

23 0 2 2 1 

24 0 2 2 1 

25 0 2 1 1 

26 0 1 1 2 


€ A electrode bufferit agata at 4 C9] YAAA 80V9] BARE F 15%! SES SX 
cele] AAE AHi wlan dal 14]4t d4929 100V. 120V, 150V, 180V& "M 
AUS oR er TM 300] A] 5^]xt Set a aal epi 77b ogel£E kitel4 
mite} 449] sliceit YHE eg S^. JAIAL. 

d7|dwou ug Sage Sir, aea buffer systeme Table 33} How, ol o 
VZLA HA Meer] sje] 37H44] it buffer system Agaat. oz] AS 7189 
22 AAA AAG (genotype) & zəka 7 dX EE Maite] AYAZ} WE (allele 
frequency) ii töja e]it BUH NTSYS pr ee (Rohlf, 1992)& o1 Beto} Nei (1972) 
Si PRA xbe|a| (D) Wi Wright (1978) 918] HAS Rogers ( (19728 4 fal A Apo] 4] (DE 
AEA. e] Zh SneathSt Sokal (19739 WPHel tet UPGMAZ Azer] dendro- 
cram *Mdeteju. o]Wte] Mickevich9 Johnson (1976)9] Ara «Pel qe- PASI- z 


Be Ol-Sr Sar DIAS ES) ir 20509 AR ERI 15 


Table 3. Buffer systems used to resolve 14 different enzyme activities in three species of Tomoceridae 


(Collembola, Insecta) investigated. 


E.C.No. Enzyme Locus Buffer System 
1.1.1.37 Malate dehydrogenase MDH-1 C 
MDH-2 
1.1.1.40 Malic enzyme ME C 
1.1.1.42 Isocitrate dehydrogenase IDH C 
1.1.1.49 Glucose-6-phosphate dehydrogenase G6PD A 
1.6.99.2 Menadion reductase MNR A 
1.11.1.6 Catalase CAT B 
3.1.1.1 Esterase EST-1 A 
EST-2 
3.1.3.1 Alkaline phosphatase ALP-1 B 
ALP-2 
3.1.3.2 Acid phosphatase ACP B 
3.4.11.1 Leucine aminopeptidase LAP A 
4.2.1.2 Fumarase FUM A 
5.3.1.8 Mannose-6-phosphate isomerase MPI A 
5.3.1.9 Phosphoglucose isomerase PGI A 
General protein GP A 


^ A, Lithium hydroxide (LiOH, pH 8.3); B, discontinuous tris citrate (Poulik, pH 8.0); C, continuous tris citrate (TC, pH 
6.2). 


Zë sho] xj: gue ga o) unb 0.05 0189) 42 “present” Hei 19] gee = 
310.05 aR} B+ "absent" & Hot 0£ 4°] (independent allele model) ai wk 
the PAUP programe Az soy xay aa, 

old AJA adr gue PARAG Ao pz owpunale] JAA obit zaps, 


zi z} 


quus 267A da PAUP program & gë Sgpbusjrbubge] ola} EÀap xA 
(Fig.1) éHi9rj, të NTSYSS| neighbor-joining methodii ol|&abej H4 5}A rc} 
(Fig. 2). e] 271%] #4 Sai Au Bory, Malz gepa least (TO 
kinoshitai) 2 Xg7H]5€7] (T. (M.) laxalamella)7} YA $30) giga geez g] 
*XEZ| (T. (T.) cuspidatus)7} #45380. Outgroup9.z Sg AME? xe] 
Orchesellidesx: 7FA i7] xre] dix sexu. 

TAA PARAE depu] sep S 1478 Sae] dal 17789] FAR: ALBI er] z} Sa 
atte] He JaA WE Table 49b zu E AFA Hale Szto] Saa Selz aA 
UE, B74) S87] (CT. COT) cuspidatus)2]| 28 MDH-1. G6PD (11.8%)% daa 
UZ) 44121(88.2%)= golt Mo] vie SAIS guexsex, IMAGS] (T. (T) 
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kinoshitai)* ACP, MDH-1. FUM. G6PD, ALP-1 (29.496) & ASH 442] (70.6%) 
2 Welgoe]| ui cb xe JAIJ. Save] (T. (M.) laxalamella)9] 285 
ACP, MDH-1. G6PD, ALP-1, BUE (29.495)it daiet uma] (70.6%)7} We] giel 

Sst JAH: zn UAH. (ei 38S vice Geass Mo] MDH-19] 25. 
ALS WAL at 3789] band pattern f; Melu UAG. ZAF} Hw] s FAAS 3$°] SS 
9: BH: uuelaRs EST-2'9} MDH-1", MDH-I'Sic. Het Zë Tomocerus 9 H&el 
4e B74) 47) CTS (T.) cuspidatus)9b 7]1-41u EZ] (CT ES kinoshitai)x 
LAP”, GPI. EST-2°, MDH-1^, MDH-1', MDH-2°, upr, PGI’, G6PD*. 
G6PD:, Y% ALP-2" QUAR: gpa AALA A747] (T. (T.) cuspidatus) Ht 
\onolamellus 959 Zei: SA (T. OM.) laxalamella) #2 EST-2^, MDH- 
te) MDH-1^ ® MDH-1° QHN: zear AALA, WeAGHE) (T. (T.) 
kinoshitai) 2 %7} id (T. (M.) laxalamella) ACP’, EST-2. MDH-I»*, 
MDH- X FUM ARW: eremi. 


Orchesellides 


11 Tomocerus (T.) 
cuspidatus 
50 
17 Tomocerus (T.) 
kinoshitai 
28 
12 Tomocerus (M.) 
laxalamella 


Fig. 1. Phylogenetic relationship of four species of Collembola generated from the character weighting 
rnethod of maximum parsimony analysis based on morphological characters using PAUP. Numbers at nodes 
:adicate the branch lengths at each node (Length = 118.000, Consistency index = 0.839). 


4.0 3.6 3.2 2.8 2.4 2.0 1.6 


- Orchesellides 


Tomocerus (T.) 
kinoshitai 


Tomocerus (M.) 
laxalamella 


Tomocerus (T.) 
cuspidatus 


Fig. 2. Dendrogram of four species of Collembola generated from neighbor-joining analysis based on 
morphological characters using NTSYS. 


BP. Oli: PASE 2420089. ASSES 17 


Table 4. Allele frequencies obtained from three species in Tomocerus, Tomoceridae. 


Taxa Tomocerus (T.) Tomocerus (T.) Tomocerus (M.) 


Locus Allele cuspidatus kinoshitai laxalamella 
ACP N 18 39 31 
det ` e "n 
b 0.67 
c 1.00 
d 0.51 0.33 
MNR mn (26 — (354. u 24 
^ a | 1.00 
b 1.00 
1.00 
| CA N / 86 29 NN 
^ a 1.00 l 
b 1.00 
c 1.00 
© LAP (ON 24 20 22 
a ^ 100 
b 1.00 1.00 
" OP © N 16 19 o 26 : 
a 1.00 1.00 
b 1.00 
^ ESI (NO 25 23 | 20 Y 
VP a 1.00 n 
b 1.00 
c 1.00 
EST-2 ON op l 23 on 
a 1.00 1.00 | 100 ` 
| MDH-1 N 56 189 50 
a 0.47 0.09 
b 0.50 0.50 0.50 
c 0.03 0.50 0.41 
MDH-2 N 23 62 25 
EC HE 1.00 1.00 > Ea 
b 1.00 
MPI No ENS mae Eege 27 
a DIS o 
b 1.00 1.00 
PGI N 36 | | 164  — 25 — 
A Fe ] 64 — : m 
b 1.00 1.00 
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Table 4. Continued. 


Taxa Tomocerus (T.) Tomocerus (T.) Tomocerus (M.) 
Locus Allele cuspidatus kinoshitai laxalamella 


FUM N 24 26 23 
à LES LLL Lu 
b 1.00 
We 0.50 1.00 
IDH N 28 58 — RSC 
2 ds ig s = 
b 1.00 
c 1.00 
ME N 30 18 24 
" 100 © 
b 1.00 
c 1.00 
G6PD N OMEN COMMON IN 
a 0.77 0.18 
b 0.86 
c 0.23 0.82 
d 0.14 
ALP-1 No 21 40 329 
) D moe gag m mmn 
b 0.68 
c 0.61 
d 1.00 
e 0.39 
/^— ALP-2 N 22 ow SOUPE 24 ] 
Ce R SENGES 0.25 
b 1.00 1.00 


c 0.75 


“N, Number of the genome samp:ed. 


re oz Sol] da sgt ddp Ho] PEG gaus E Ax (Table 5), JIWS (T. 
T.) cuspidatus)s* A-1.2, P=11.8, H,*0.059, H.=0.052% 2 dep x7L pg webu 7] 
eA THE EZ] (T. (T.) kinoshitai)€ A=1.3P, P-29.4 H.=0.125, H«-0.13:9]91 zm 3£4}7} 
^|zExEZ| (T. (OM.) laxalamella)= A=1.4, P-29.4, H,*0.102, Hot 1249 3€ $ Xx 
77^ REZ| CT. O4.) laxalamella)S] opgx7L eR Stor, a Bee A-1.3-0.1. 
P-283.5x10.2, H,*0.095x0.034, H««0.102::0.0449]919. 

A Nei (1972)9] FAA 34013] (D) € Wright (1978)9] ae HAS Rogers (1972)9] 
FAA kola (D) E aslo] (Table 6) olf? WHS oteoz Sneath 8 Sokal (1973)9] PHa 
4} UPGMA® dendrogram? *Pdelsiu (Fig. 3). e] db 7^uEEZ] (T. COD) 


BEC0j—-8U 808 ZHAESE 7j ob 20189] AI ESI 19 


oi 


Table 5. Genetic variations of three species of Tomocerus, Tomoceridae. 


Mean number % of loci Mean heterozygosity (H) 
Taxa of alleles per polymorphism 
locus (A) (P) observed (H.) expected (H,) 
Tomocerue (T.) 1.2 118 0.059 0.052 
cuspidatus 
Temocenis ur) 1.3 29.4 0.125 0.131 
kinoshitai 
Tomocerus (M: 1.4 29.4 0.102 0.124 
laxalamella 
Mean+SD 1.3+0.1 23.5+10.2 0.095 + 0.034 0102 * 0.044 


Table 6. Nei (1972)'s coefficients of genetic distance (D) (above diagonal) and Rogers (1978) coefficients of 
genetic distance (D) (below diagonal) based on allele frequencies of 17 genetic loci among three species of 


Tomoceridae. 


Tomocerus (T.) Tomocerus (T.) Tomocerus (M.) 
Taxa ) ! ND 
cuspidatus kinoshitai laxalamella 
fence ud : 0.709 2474 
cuspidatus 
Tomos IE] 15.703 : 1.944 
kinoshitai 
planed 28.401 25.416 - 
laxalamella 
2.40 2.10 1.80 1.50 1.20 0.90 0.60 
t + + + D 
0.709 
Tomocerus (T.) 
2.209 kinoshitai 


8 Tomocerus (T.) 
cuspidatus 


E M - Tomocerus (M.) 
laxalamella 


Fig. 3. Dendrogram of three species of Tomoceridae based on genetic distance coefficients of Nei (1972) 
using UPGMA method (NTSYS). 
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Table 7. Matrix of enzyme data states from three species of Tomoceridae (Collembola). 


Tomocerus (T.) Tomocerus (T.) Tomocerus (M.) 
cuspidatus kinoshitai laxalamella 


Locus allele No. 


ACP 


t 
1 
H 
i 
1 
1 
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Ed 
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-IDH 
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H 
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X 
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N 
oo Cp arw nan OD o Op Tw Cp e oo D o OG Dm On Cp o Om o OG pp OG D 
N 
e 
CO ka OO kA CO OO kA OO E ta ka E ta ka OO tA OO Ota ta OO Ota OO Ota ta OO Ota OO Or OO rz 


! 
i 
1 
1 
H 
1 
1 
1 


Ka Etat Ota OO Ota OF OI 


o o D 
EN N 
Wu A 
CO KA CEO ka CO OOD OH OO ta ka ODOR OO OO ta OH OH OO Ota OR E Ota ORF OOF Ota OO Or OC 


OO ra OO OO Ort 


' 
I 
| 
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BE. O|—-Staoat 7LA'252:7| 2 20/89 ALS ES 21 


17 Tomocerus (M.) 
laxalamella 


Tm H : 3 Tomocerus (T.) 


cuspidatus 


8 Tomocerus (T.) 
kinoshitai 


Fig. 4. Phylogenetic relationship of three species of Tomoceridae generated from maximum parsimony 
analysis based on present/absent medel of allozyme data using PAUP. Numbers at nodes indicate the branch 
lengths at each node (Length = 48.000, Consistency index = 0.917). 


kinoshitai)% 9714] &€7] (T. (T.) cuspidatus)7} HA 4e] gä x41] (T. 
(M.) laxalamella): NSF FAA ape|7b ais x] Yes. ogre Haee 
independent allele modelo] aa däi VE OS (Table 7) PAUP programe È X 
et Ars otc} (Fig. 4). 


i 9 

467] $ Sal ASS] Oe Ate ep ASH AMA UE cubo og oj 
e] "kal axe] Siu aale HAS asp] Aso] AS Ho} gya Aro] alot 
zii Je, Lee (1985A J} SAGAS mapxespoz ARS vais spEs ue 
(Park et al. 1996) € 18S rDNA9] AAAS Eyak xb op HAMAS dist 
Alo] UH (Lee et al, 1995a, b). 244 OU APE BARTS] PARA ze] ust oz 
NAT esp ue] At ATZE XREDAREZ] aal "LAST a og uu Ex] ao] Ub Ao] 
Hey dit xus Jak Wolds BARGE A> (Dallai et al. 1983: Lee et al. 1984: 
Fanciulli et al 1985: Lee et al 1985: Frati et al. 1989)7} Qed] gr a 8 
^| Kat UE Yaad. So] BelSo] Fg gue I} (Entomobryidae) AA sts] 


& Ae] S]jui(Lee and Park, 1991). 244 714 7] 4 (Tomoceridae) datz xg 
SP SE DAIS AA USI" Een BAJAS BA SsAos zÉAspu ui ase 


AA FEMA FAVS AES Abe gelu. up B adi SA avaqads 

aL, 147] BANAL 17742] FAA: EAS ALS Sq yyy paga JES a 
St Al ANE EA) Sol AGa dza 

a ugue Ws E" outgroupS.£ AAA du €x] a (Entomobryidae) A 
Orchesellides* "LASS a (Tomoceridae)9] $2 * Ee] S919 7]: ERE|(T. 
(T.) kinoshitai)*: 2 ek&jel] Zait Y7h) S27) (T. (T.) cuspidatus) 2 g5) x 
47l]5-&7] (T. OM.) laxalamella) 9t RAAG (Fig. 1. 2). ^F SAS) (T. 
(M.) laxalamella) 1$%t 2= Monolamellus eH&&- 79] wi 44°] Tomocerus 9 Hl 
"aep das] Shade] 178 Vel Pol Sa} 4lelá&o z Brag Aog. ogo gue] ye 
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dëi BMGs 7d e| Monolamellus 2] 47H87] (T. OM.) laxalamella) + 
Tomocerus 9&9] 7|] EREZ| (T. CT.) kinoshitai) Atoll eF& Zei Hel Sa 
epe Ae | ofbS ORAL Wd] 47b HAF 47] wuiEeze gu. 

ay Alass = Zell AAT FEN eue] FAM] AE Wyse EXP 
ay oe ee su. E AP 1478 Aol Oe 17749] PAR ZARA FAA Ato] HO 
2 UPGMA dead 918] dendrogram 242 A3 (Fig. 3) Ae oF] Soke 7S 
X7] (T. (T.) kinoshitai)% 92^] 387] (T. (T.) Mis )7} oF 77°] 44°] AR 
ou (D=0.709), Szen (M.) laxalamella)= ol Zar epp FAHA} BU 
2 (D-2.209). q4% Ea]: MickevichS Johnson (1976)9] #37} "present/ 
absent method” = Zei QUAH: S48 sje] gde gs BALMS drei gen. 
Iso zixpg SR d uude] aa BAW scu Sahel eem quienes] v] $ 
Se A du. 

me 24 SHS) FAA golt WH SB] (T. (T.) cuspidatus)7} A=1.2, P=11.8, 
11,"0.059, H.=0.0522 GE F Sol] ga oa Yel l= o] Fo] GE 24e] Hla} aaa 
doc aslo} A14]8l7] Wee] YHA (bottle necking)9] A32 FAA Ao] 44 7/57} 
AQ7] qeow Azaq. olf; 3S] Ast BS A=1.3+0.1, P=23.5410.2, Ho=0.095+ 
9.034, He=0.102+0.0442 YJZ PA WEE Sei" Fo] disk Bet H.=0.118 
0.065 (Park et al. 1996) 9 +2] (Drosophila)9] 39st 0.157+0.009 (Ayala et al. 
1972)o] Bla] OFZ: slo cd, GAEE Xu] 77] Bo] Oe Bet peo 5118.5 (Park et 
al.1996) Mu dat aay e| AS Sx AHE xp epe SS FS IF] det Ho] 
7] Geo] 7A) 327] xb aae] die] :9]sp7]e]:- of] co] Buh «br p^ og uu sme 
SIb (T.) cuspidatus)7} WAA Bs ups} Zo] PAA Wo] Së X37] uires de 
uu. 

Aue BAA PAYALA dau pi Wel7b opa] BS Wee] x7] Xe 
Az yon JAë Solz AREA ols} Ge Aye Eow] duoc PHY veg x 
= AL ugdxgs p aue fSuspqupHe& o] Roo] sad "Logo am, 91984 
Saepe de (key character)°] #44 #324 AWA 2 At Jee Eg 
gga yga. bep] aale dixit upgo c H gd gow "LASS xen 
o|itola 7L4]E- m7] xix]e] ust ds de] aA Ze. 


Ayala, F. J., J. R. Powell, M. L. Tracey, C. A. Mourao and S. Perez-Salas, 1972. Enzyme variability in the 
Drosophila willistoni group IV. Genetic variation in natural populations of Drosophila willistoni. 
Genetics, 70: 113-139. 

Bórner, V. C., 1909. Japans Collembolenfauna. Sizb. Naturh. Freund. Berlin, Jg., 1909: 99-135. 

Christiansen, K., 1964. A revision of the Nearctic members of the genus Tomocerus. Rev. Ecol. Biol. Sol., 1 
639-678. 

Dallai, R., V. Sbordoni, M. C. Sbordoni and E. de Mattaeis, 1983. Chromosome and enzyme diversity in some 
species of Neanuridae (Collembola). Pedobiologia, 25: 301-311. 


Denis, J. R., 1929. Collemboles d’ Extréme-Orient. Notes sur les Collemboles recoltés dans ses voyages par le 


S- 0| SSA FASE] o 20PS9] wa 23 


Prof. F. Silvestri (I, II). Boll. Lab. Zool. Portici, 22: 166-171, 305-332. 

Fanciulli, P. P., R. Dallai and R. Petrucci, 1985. A Preliminary study on enzyme diversity in Tetrodontophora 
bielanensis (Waga) (Insects, Collembola). Rev. Ecol. Biol. Sol., 22(4): 483-495 

Frati, F., P. P. Fanciulli and R. Dallai, 1989. Biochemical approach to the systematics of Collembola. In: "3rd 
Internat'l. Seminar on Apterygota” (Dallai R. ed.) Siena, 145-155. 

Folsom, J. W., 1913. North American Springtails of the Subfamily Tomocerinae. Proc. U. S. Nat. Mus., 46: 
451-472. 

Gisin, H., 1944. Hilfstabellen zum Bestimmen der holarktischen Collembolen. Basel, 130pp. 

Hecht. M. K., 1976. Phylogenetic inference and methodology as applied to the vertebrate record. Evol. Biol., 9 
335-363. 

Hecht, M. K. and J. L. Edwards, 1976. The determination of parallel or monophyletic relationships, the proteid 
salamanders-a test case. Am Nat., 110: 653-677. 


Lee, B. -H., 1975. Etude de la fauna Coréenne des Insectes Collemboles VI. Sur la famille des Tomoceridae, 


édaphiques, avec la description de quatre nouvelles espéces et d'une nouvelle sous-espéce. Bull. Mus. Nat. 
Hist. Nat., 3: 945-961. 

Lee, B. -H., 1983. Korean Collembola (Insecta ) Monograph II. Family Tomoceridae. Ann. Rep. Biol. Res., 4: 
27-57. ; 

Lee, B. -H., 1985. Cladistic analysis of Neanuridae (Collembola) using character weighted and character 
unweighted approaches. Kor. J. Syst. Zool., 1: 3-20. 

Lee, B. -H., W. K. Lee and H. R. Kim, 1984. A Systematic investigation of Korean Tomoceridae (Collembola). 
Korean J. Entomol., 14(2): 5-17. 

Lee, B. -H., Y. J. Kim, H. Y. Yang and K. -H. Park, 1985. A Systematic investigation of Korean 
Entomobryidae (Collembola). Korean J. Entomol., 15(2): 7-16. 

Lee, B. -H. and K. -H. Park, 1991. A systematic study of Korean Entomobryidae (Collembola, Insecta) based 
on cladistic analysis of phenotypic and allozyme data. Kor. J. Zool., 34: 265-288. 

Lee, B. -H., U. W. Hwang, W. Kim, K. -H. Park and J. -T. Kim, 1995a. Systematic position of cave 
Collembola, Gulgastrura reticulosa (Insecta) based on morphological characters and 18s rDNA nucleotide 
sequence analysis. Mémoires de Biospéologie, 22: 83-90. 

Lee, B. -H., U. W. Hwang, W. Kim, K. H. Park and J. -T. Kim, 1995b. Phylogenetic study of the suborder 
Arthropleona (Insecta: Collembola) based on morphological characters and 18S rDNA sequence analysis. 
Polskie Posmo Entomologiczne, 64: 261-277. 

Massoud, Z., 1967. Monographie des Neanuridae, Collemboles Poduromorphes piéces buccales modifiées. Ed. 
CNRS, pp. 399. 

Massoud, Z. and Ellis W., 1977. Proposition pour une classification et une nomenclature cohérente des 
phanéres des Collemboles européenes. Rev. Ecol. Biol. Sol., 14: 163-179. 

Mickevich, M. F. and M. S. Johnson., 1976. Congruence between morphological and allozyme data in 
evolutionary inference and character evolution. Syst. Zool., 25: 260-270. 

Nei, M. 1972. Genetic distance between populations. Am. Nat., 106: 283-292. 

Park, K. -H. J. -T. Kim and B. -H. Lee, 1996. Phylogeny and Speciation of Entomobryoidea (Collembola, 
Insecta) from Korea. Kor. J. Syst. Zool., 12: 121-136. 

Rapoport, E. H., 1971. The geographical distribution of Neotropical and Antarctic Collembola. Pac. Insects 
Monograph, 25: 99-118. 


24 Korean J. Syst. Zool. 15(1), April 1999 


Rogers, J. S., 1972. Measures of genetic similarity and genetic distance. Studies in Genetics VII. Univ. of Texas, 
7213: 145-153. 

Rohlf, F. J., 1992. NTSYS (Numerical Taxonomy and Multivariate Analysis System) - pc version 1.70 manual. 
New York State Univ., U.S.A. 

Selander, R. K., M. H. Smith, S. Y. Yang, W. E. Johnson and J. B. Gentry, 1971. Biochemical polymorphism 
and systematics in the genus Peromyscus. I. Variation in the old-field mouse (Peromyscus polionotus). 
Studies in Genetics VI. Univ. Texas, 7103: 49-90. 

Sneath. P. H. A. and R. R. Sokal. 1973. Numerical taxonomy.: the principles and practice of numerical 
classification. Freeman, San Francisco. 

Schaffer, C., 1896. Aptertgiteb, Ganberger Magelhánsische Sammelreise, 1-3: 1-48. 

Swofford, D. L., 1985. Phylogenetic analysis using parsimony (PAUP), version 2.4. Champaign: Illinois Natural 
History Survey (Computer program). 

Uchida, H., 1971. Tentative key of the Japanese genera of Collembola in relation to the world genera of this 
order. I. Sci. Rep. Hirosaki Univ., 18: 64-76. 

Uchida, H., 1972. Tentative key of the Japanese genera of Collembola, in relation to the world genera of this 
order. Sci. Rep. Hirosaki Univ., 19: 79-114. 

Wiley, E.O., 1981. Phylogenetics. John Wiley and Sons., pp. 439. 

Wright, S., 1978. Evolution and the genetics of populations, vol. 4. Variability within and among natural 
populations. U. Chicago Press. Chicago. 

Yosi, R., 1954. Springschwanze des ozé-Naturschutzgebietes. Sc. Res. Oze. Moor. Tokyo, pp. 777-830. 

Yosii, R., 1967. Studies on the Collembolan Family Tomoceridae, with Special Reference to Japanese Forms. 
Contr. Biol. Lab. Kyoto Univ., 20: 1-54. 


RECEIVED: 15 December 1998 
ACCEPTED: 19 February 1999 


BE: O0[— St AC ZEIACSEEZ| a 20159) AI ESI 


Phylogenetic Study of Two Problematic Subgenera of 
Tomoceridae (Insecta: Collembola) from Korea 


Kyung-Hwa Pari; and Byung-Hoon Lee 
(Faculty of Biological Sciences, Chónbuk National University, 
Chónju 561-756, Republic of Korea) 


ABSTRACT 


Two problematic subgenera of Tomoceridae (Collembola, Insecta) were 
investigated for their phylogenetic relationships based on morphological characters 
and allozyme study from three relevant species. Different dendrograms were 
obtained between morphological and allozyme studies. The morphological data did 
not give rise to any result distinctive enough to separate the two subgenera whereas 
the allozyme analysis produced a clear separation by the high genetic distance value. 
They were consistent, however, whether given rise to by using distance or cladistic 
methods and also whether character weighting or unweighting approaches 
employed in the morphological character analysis. As a consequence, it is strongly 
suggested that any prominent morphological trait might work as a good taxonomical 
character when supported by a strong genetic divergence as evidenced by allozyme 
analysis for instance. 
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